Two piperonyl derivatives, seven coumarins and two furoquinoline alkaloids were isolated from the aerial parts of a new species of Brombya [Brombya sp. nov. (Gap Creek) (Rutaceae)]. Three of the compounds were new natural metabolites; 7-(3,4-methylenedioxyphenyl)octene-2-one (7,8-dehydromoskachen D), the coumarin 6-(1ξ,2ξ,3-trihydroxy-3-methylbutyl)-7hydroxy-2H-1-benzopyran-2-one, and the furoquinoline alkaloid 4,5,6,7-tetramethoxyfuro[2,3-b]quinoline (5,6,7trimethoxydictamnine). The secondary metabolites isolated in this study are typical of the Rutaceae, contrasting with earlier studies on the only other species of Brombya, B. platynema, which yielded only brombyins, for which 7,8-dehydromoskachen D is a possible precursor.
The genus Brombya is endemic to the 'Wet Tropics' of Queensland in north-eastern Australia [1] . It contains one described species, B. platynema F. Muell., and a recently discovered and as yet undescribed species, found only near Gap Creek.
In a previous study on B. platynema, a new class of compounds known as brombyins was discovered [2, 3] . The brombyins (typical structure 1) were considered to be derived from a precursor formed by condensation of five acetate units onto a piperonic acid starter unit, with subsequent ring formation via Diels-Alder cyclization [3] . In these previous studies no typically rutaceous metabolites were isolated. The leaf oil of both species is reported to be rich is sesquiterpenes, but distinguishable from one another [4] and were unlike those of presumed related genera.
We have now been able to obtain a small sample of Brombya sp. nov. (Gap Creek) and report the major constituents found in this collection. The isolation of twelve components, several of which are typical rutaceous compounds, is reported here. Out of these twelve, three are new natural products.
The chemistry of this taxon is more typical of the Rutaceae than is B. platynema. Two piperonyl derivatives, seven coumarins, two furoquinoline alkaloids and a simple phenolic were isolated from an ethyl acetate:ethanol (4:1) extract of the aerial parts of Brombya sp. nov. Isolation and purification was achieved using preparative HPLC, followed by semi-preparative HPLC.
Compound 2 was identified as (E)-piperonylprop-2enal by comparison with previously published results [5] ( 1 H NMR data in Table 1 ) and has previously been isolated from a number of plant species, including B. platynema [3] .
Compound 3 was obtained as a white amorphous solid. The HR ES-MS (positive mode) showed a molecular ion [M + H] + at m/z 247.3024, which indicated a molecular formula of C 15 H 18 O 3 , 70 amu more than 2. The UV spectrum suggested this compound was another piperonyl derivative. The 1 H NMR spectrum (Table 1) was similar to 1, exhibiting proton signals that were characteristic of an ABD spin system (H5', H6' and H2', respectively) of a piperonyl group, with a 1,3,4 substitution pattern, together with a downfield CH 2 signal for the methylene-dioxy substituent.
The remaining signals in the 1 H NMR spectrum consisted of a methyl singlet, a trans olefinic double bond and four methylenes that, from the COSY spectrum, could be placed in a -R-CH=CH-(CH 2 ) 4 -R spin system. The most significant feature of the NOESY spectrum was an interaction between H-2' of the piperonyl unit and the α olefinic proton of the double bond, which must consequently be the point of attachment between aromatic ring and side-chain.
The 13 C NMR spectrum ( Table 1 ) revealed all the expected resonances plus one at δc 210.7 that can be attributed to a carbonyl, which must be placed between the methyl and the methylene triplet at δ 2.52 to complete the structure. Direct and long-range H-C couplings were obtained from HSQC and HMBC spectra, respectively. The latter are shown in Table 1 . Combining these data, the complete structure of 3 is an 8 carbon chain with a ketone group on C-2, an olefinic double bond between C-7 and C-8 and a piperonyl moiety attached to C-8. This was determined to be a new natural product, 7-(3,4methylenedioxyphenyl)octen-2-one. It is closely related to the moskachans, reported from Ruta angustifolia [6] , and is assigned the trivial name 7,8dehydromoskachan D. This compound has been considered as a likely precursor of the brombyins [3] .
The major metabolites obtained from the Brombya extract were the simple coumarins 4 to 10. Four of these are very common and were characterized as umbelliferone (4), the 8-prenyl (prenyl = 3-methylbut-2-enyl) derivative, osthenol (5) [7] , the 6-prenyl 7-methoxy derivative, suberosin (6) [8] , and peucedanol (7) [9] , in which the double bond in the 6-prenyl side-chain has been oxidized.
The HR ES-MS of the coumarin (8) gave a molecular mass of 280.1021, which was compatible with an empirical formula of C 14 H 16 O 6 . The 1 H and 13 C NMR spectra ( Table 2 ) showed aromatic protons (H-3, H-4) characteristic of a double bond α,β to a carbonyl group, typical for a coumarin. The remaining signals were characteristic of a coumarin oxygenated at the C-7 position and substituted at C-6 and this was confirmed from HSQC and HMBC experiments.
The structure of the side chain was determined using a combination of NMR techniques. Starting at C-6 the first carbon (C-1') in the side chain was a downfield sp 3 hybridised carbon, which showed a three bond correlation to H-5. The deshielded nature of the carbon (δc 67.6) and proton signals indicated that this carbon was oxygenated. Working along the carbons in the side chain, the remainder of the structure could be elucidated to contain two further oxygenated sp 3 carbons, an oxymethine at C-2' (direct coupling at C-1') and a quaternary carbon (C-3'). Two methyl groups were attached to C-3', since both of the methyl signals observed in the 1 H NMR spectrum showed HMBC correlations to C-3' and C-2' and nOe interactions to C-2'. Thus the final structure of the sidechain was determined to be an isobutyl unit with hydroxyl groups at C-1', C-2' and C-3', making 8 6-(1,2,3-trihydroxy-3-methylbutyl)-7-hydroxy-2H-1benzopyran-2-one. The corresponding 7-methyl ether has been previously reported with 1'R, 2'R, 1'R.2'S and 1'S,2'R stereochemistry in the side chain [10, 11] . The optical rotation was found to be -14.8º, similar to that recorded for the 1'R, 2'R 7-methyl ether [12] .
The 1 H NMR spectrum of the sixth coumarin to be isolated showed no additional substitution in the aromatic ring, but H-3 of the coumarin nucleus was absent and was replaced with the characteristic resonances of a prenyl group, allowing it to be identified as 3-(3-methylbut-2-enyl)umbelliferone (9) [7] . The final coumarin isolated was another 6-prenylated coumarin with a different modification of the prenyl side-chain to a 3-methyl-2-hydroxybut-3-enyl structure. The compound was identified as demethyltamarin (10) by comparison with published results [13, 14] . Demethyltamarin can be viewed as a dehydration product of a peucedanin type precursor.
Two similar furoquinoline alkaloids were also isolated. One was identified using a combination of mass spectrometric and NMR spectroscopic data (Table 3) as the known alkaloid 6,7-dimethoxydictamnine (11) [15] . The HR ES-MS of the second alkaloid revealed a molecular mass of 289.1027, which indicated an empirical formula of C 15 H 15 NO 5 , 30 MU more than 11. The 1 H NMR spectrum (Table 3 ) was similar to that of 11, but one of the aromatic singlets had disappeared and there was an additional methoxyl resonance. The furan proton H3 showed a nOe interaction to a methoxy signal (C-4 OCH 3 ), which confirmed that C-4 was methoxylated. However, the absence of a second nOe involving the C-4 methoxyl and an aromatic proton (as was observed for 11), indicated substitution had occurred at C-5. The remaining aromatic proton signal in the 1 H NMR spectrum showed a nOe interaction to another methoxyl (δ 3.99), so the only position to which this proton could be assigned was C-8. Therefore, the structure was determined to be methoxylated at C-4, C-5, C-6 and C-7 giving the new natural product 4,5,6,7-tetramethoxyfuro[2,3-b]quinoline (12) , to which the trivial name 5,6,7-trimethoxydictamnine has been assigned. Two isomeric tetramethoxy furoquinolines are known with 4,6,7,8-substitution and 4,5,7,8-substitution [12] .
The final component extracted from the Brombya extract was the simple phenolic compound 2-hydroxy-4-methoxybenzaldehyde.
In this study no brombyins were isolated, although the presence of 7,8-dehydromoskachan-D (3) indicated that the first stages of the biosynthetic route leading to them were in operation. In previous studies [2, 3] , no typical rutaceous metabolites were recorded and, given that the reporting laboratory had over 20 years of experience working on Rutaceae, it can be presumed that if they had been present in significant amounts they would have been found. By contrast, the two principal types of compounds isolated in this study, the furoquinoline alkaloids and simple coumarins, are characteristic markers of the Rutaceae [16] .
It would seem that the undescribed (Gap Creek) species of Brombya has a metabolic profile quite typical of the Rutaceae. In comparison, B. platynema has a quite strikingly different metabolic profile evolving from the route seen in Brombya sp. nova (Gap Creek) only in the production of 2 and 3. It would be interesting to examine further populations of this species to explore this issue.
Experimental
General: UV spectra were measured on a Hewlett Packard 8453E spectrophotometer. The 1 H and 13 C NMR spectra (CD 3 OD) were acquired on a Bruker AVANCE DRX-500 spectrometer operating at 500.13 MHz and 125.77 MHz, respectively. Mass spectra were obtained using an Agilent 1100 series LC/MSD in the APCI mode. High Resolution electron impact mass spectra (HR-EIMS) and accurate mass measurements were obtained on an AEI-MS-902 double focusing mass spectrometer using direct probe insert, operating at 120 o C with 70eV. Analytical HPLC-UV analysis was performed on an Agilent 1100 series HPLC system with an UV-Vis detector and a Hypersil ODS RP C 18 column (125 x 4 mm, 5 µm). Each of these crude components required further purification by semi-preparative HPLC using a Supelco ODS-C18, 5 µm, 250 x 10 mm column, eluting with acetonitrile (5-95% over 20 min) and water (0.05% TFA). A total of twelve pure compounds were obtained: 2 (12 min, 4 mg), 3 (16 min, 2 mg), 4 (8 min, 6 mg), 5 (13 min, 3 mg), 6 (14 min, 3 mg), 7 (10 min, 2 mg), 8 (10 min, 6 mg), 9 (15 min, 4 mg), 10 (11 min, 6 mg), 11 (13 min, 3 mg), 12 (13 min, 4 mg), and 13 (7 min, 3 mg). 
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